Among the causes of obesity, environmental factors have also been studied, in addition to genetic, social, psychological, and hormonal factors. The distribution of food outlets, facilitating or hindering food acquisition, can promote body weight control by encouraging healthier food habits. The objective of this study was to investigate associations between environmental availability and utilization of food outlets and overweight/obesity in 7 to 14-year-old schoolchildren in Florianópolis, in the South of Brazil. A logistic regression analysis identified a positive association between overweight/obesity in 2195 schoolchildren and the presence of restaurants in the vicinity of their homes (buffer = 400 meters). Being a member of a family that utilizes public markets/greengrocers was also positively associated with overweight/obesity in the sample investigated. Identifying the distribution of these establishments in the vicinity of the homes of schoolchildren in middle-income countries is an important element in understanding the role played by the food environment in weight gain in a variety of different settings.
Introduction
Environmental characteristics such as the availability of food outlets in the area surrounding people's homes can have a positive or negative influence on eating habits and, as a result, on rates of overweight and obesity. [1] [2] [3] People living near vegetable markets, greengrocers and other establishments that sell healthy foods (fruit and vegetables) or put these items in prominent positions can experience a positive influence on their eating habits. 1, 4, 5 While supermarkets offer foods considered unhealthy, and do so at lower prices, which can involve a risk of body weight gain, 6 access to large supermarkets has a preventative effect on obesity, because they also sell fruit and vegetables. 5, 6 Considering establishments that sell food for immediate consumption, the presence and high concentrations of fast food restaurants and convenience stores in the neighborhoods where children and adolescents live can have a negative impact on the quality of their diets [5] [6] [7] [8] and on body weight gain, 3, 6, 7 because these establishments tend to sell less healthy food. 9, 10 In spite of this, a large proportion of these studies only investigate the availability of places that sell food and do not take into consideration whether the populations being investigated actually use them. [11] [12] [13] [14] [15] Furthermore, the majority of studies of food environments and obesity have been conducted in North America, which means that findings cannot be extrapolated to middle income countries 16, 17 such as Brazil. Research shows that the amount of money that Brazilian families spend on eating away from home increased from 2002-03 to 2008-09. 18, 19 The more recent of these surveys found that 47.9% of adolescents habitually eat away from their homes and that this was responsible for 14.1% of their total daily energy intake. Moreover, more than one-third of the family food budget is spent on food consumed outside of the home. 19 The objective of this paper is to investigate associations between environmental availability and utilization of places that sell food and overweight/obesity among 7-14-year-old schoolchildren in a city in the South of Brazil.
Method
Florianopolis is a coastal city situated in the South region of Brazil. Almost all of its citizens live in the urban area (96.2%). 20 In 2010, Florianopolis' Index of Human Development (IHD) was classified as very high (0.847), surpassing the national index for the same year (0.727), which was classified as high. 21 Despite its high IHD, the city has evident social inequalities. In 2010, Florianopolis' Gini Index was 0.5474 (the closer to 1.000, the greater the social inequalities between residents). 22 In 2016, Florianopolis had a population of 477 798.
This cross-sectional study is nested within a larger project that is based on a probabilistic sample of 7-14-year-old schoolchildren from public and private schools in Florianopolis. The methodological procedures have been described in detail elsewhere. 23, 24 Outcome prevalence data from previous studies conducted in Florianopolis in 2002 25 and 2007 26 were used to predict prevalence rates for the most recent cross-sectional survey, giving a final sample size of 2880 children. Additional simulations showed that even assuming a 30% prevalence of excess weight and a 5% prevalence of exposure, this sample size would still be large enough to detect odds ratios (ORs) ≥1.5 with 80% power and an alpha error of 5%.
Data on individuals' variables were collected from September 2012 to June 2013. The guardians of all schoolchildren selected for the study were sent free and informed consent forms. The criterion used to select anthropometrists was quality of anthropometric measurements, determined by technical error of measurement. 27 Body mass and height were measured in order to calculate Body Mass Index (BMI), following procedures recommended in the literature. 28 The cutoff for classification of overweight/obesity was BMI > z score +1 (equivalent to a BMI ≥25 kg/m 2 at 19 years of age).
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Schoolchildren and their families self-reported socio-economic and demographic data and details about their lifestyle habits, which were categorized post hoc as follows: sex (male/female); age ( Environmental variables in the vicinity of the schoolchildren's homes were surveyed by secondary data collection. A list of all retailers within the municipal district was requested from the Florianopolis City Council Sanitary and Environmental Surveillance Department and a variety of strategies were used to supplement and confirm this information: consulting telephone directories, both printed and online, the websites of fast food chains, supermarkets, industry associations for tourism and restaurants, and commercial buildings and shopping centers to identify food outlets they hosted. Delivery-only food outlets and establishments that servespecific populations were excluded (such as those located inside schools, companies, universities, hotels, bed and breakfasts, gyms, sports clubs and beauty salons). The locations of restaurants, snack bars/fast food outlets, street vendors, supermarkets, mini markets, butchers, bakeries and greengrocers/ public markets in Florianopolis were recorded.
Data for Florianopolis from the 2010 demographic census on monthly nominal income per household were assessed according to weighting areas, which are groups of census tracts in which results exhibit statistical significance and can be analyzed. 30 Spatial analysis was conducted by viewing and exploring the data. 31 Each establishment was manually spatialized by inputting its address on Google Earth ™ . The Street View ™ tool was also used to identify the establishments' locations with greater precision. As part of this manual spatialization process, when there was any doubt with relation to address, name, type of service or date of establishment, the firm's tax registration status was consulted. Additional Internet queries (on official websites and customer relationship websites) were conducted to determine whether establishments were still doing business and the types of services they provided, after which any corrections needed were made to the classification of retailer types. An automatic process was also used to conduct spatialization of the schoolchildren's homes using the open-access software package Quantum GIS (QGIS 2.0). Within this program, 400 m buffer zones were defined in the areas surrounding the schoolchildren's homes and the numbers of each different type of establishment within them were calculated. Other studies have also chosen similar buffers. [32] [33] [34] [35] The numbers of food outlets were used to calculate proportions, means, standard deviations (SD) and minimum and maximum values for each type of establishment within the buffers. The sample was described by constructing a Table of frequency distributions for the variables studied, by the schoolchildren's BMI.
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ORs and their respective 95% confidence intervals (95% CI), estimated by crude logistic regression analysis, were used to analyze factors associated with the outcome overweight/obesity, without adjustment for the other study variables. Estimates of association were then adjusted using a logistic regression model. All independent variables (individualsociodemographic and individuals' characteristics and environmental-tertiles of income for the weighting area in which the child's home was located and the presence/ absence of establishments that sell food in the vicinity [within 400 m] of the schoolchildren's homes) were included in the adjusted model, independent of their P-values in the crude analysis. The two environmental variables studied (tertiles of income for the weighting area and the presence/ absence of establishments that sell food in the vicinity of the schoolchildren's homes) were at different scales. The income variable is calculated per weighting area, which are largerscale areas with sizes defined by the government for the purposes of surveys, and each of the 30 weighting areas studied has a different size, calculated in square kilometers. 20 The measure (buffer) used for the second variable is a circle around the children's homes with a radius of 400 m, and hence has a smaller area than the first measure.
Tests were conducted to identify possible interactions between variables on the individual level and between variables on the environmental level and no significant interactions were detected. Data were analyzed using Stata, version 13.0, considering complex sampling and sample weighting with the software's SVY command.
The research protocol was approved by the Human Research Ethics Committee at Universidade Federal de Santa Catarina, hearing number 120341/2012.
Results
A total of 2506 7-14-year-old schoolchildren returned the free and informed consent forms correctly signed by their parents and took part in the research project. However, for this nested study, 4.1% of the total sample of schoolchildren for whom data were collected were not residents of Florianopolis, 4.2% did not provide their addresses, and a further 4.2% of the schoolchildren's homes could not be mapped because their addresses were incomplete or could not be found on the mapping. The total sample analyzed for this article was therefore 2195 schoolchildren (87.6% of those who returned the free and informed consent forms). As can be seen in Table 1 , a majority of the study population were male, aged from 7 to 10 years, enrolled at public schools and reported using passive transport (car, motorcycle or bus) to commute from their homes to their schools and back. A majority of the schoolchildren's mothers had remained in education up to or beyond the start of secondary education. The prevalence of overweight/obesity observed was 29.0% for girls and 37.6% for boys (data not shown).
Restaurants were the most common type of food outlet in the vicinity of the children's homes (buffer = 400 m), followed by mini markets and then snack bars/fast food outlets. The crude logistic regression indicated associations between overweight/obesity and being male and between overweight/obesity and the 7-10 years age group. There were also associations between overweight/obesity and the presence of restaurants and snack bars/fast food outlets close to home and with utilization of street vendors by schoolchildren (Table 1) .
A total of 2286 food outlets in Florianopolis were mapped. The number of food outlets in the vicinity of the home of each schoolchild (buffer = 400 m) exhibited considerable variability, especially with relation to places to eat when not at home, such as restaurants, snack bars/fast food outlets and street vendors, as shown in Table 2 .
We have estimated a multivariate logistic regression model (Table 3) . Male schoolchildren were more likely to be overweight/obese than the females. Schoolchildren from families who utilized public markets/greengrocers also exhibited a greater likelihood of being overweight/obese compared with schoolchildren whose families did not utilize these retailers. With regard to the environmental characteristics, the presence of restaurants in the vicinity of a schoolchild's home was associated with overweight/obesity, but their utilization by the schoolchildren investigated was not associated with this condition.
Discussion
Main finding of this study
The presence of restaurants in the vicinity of the schoolchildren's homes and a child's family utilizing public markets/ greengrocers were both positively and significantly associated with overweight/obesity.
What is already known on this topic
An earlier study conducted in 2002 in Florianopolis with 7-10-year-old children found that 27.6% of the girls and 32.9% of the boys were overweight and/or obese. 25 In 2007, the prevalence rates observed were 32.5% for girls and 36.2% for boys, among 7-14-year-old schoolchildren in the same city. 26 Our current data apparently reflect a trend among boys in Florianopolis towards increasing prevalence of overweight/obesity over the last decade, and oscillation in the prevalence rates among girls.
The findings reported in the literature-related to overweight/obesity in schoolchildren and the distances from their homes to restaurants are still contradictory. A study conducted in Virginia (USA) did not detect any relationship between the proximity of restaurants and the BMI of 5-19-year-old schoolchildren. 34 In contrast, a study conducted in 
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Minnesota (United States) found that proximity of restaurants to home was associated with a higher BMI among female adolescents. 36 Along the same lines, lower BMI values were observed among pediatric patients (4-18 years old) who lived farther from restaurants in Massachusetts (United States).
14 Among adults, a study conducted in Canada identified that the density of restaurants had a negative influence on the BMI. 12 In contrast, a study conducted in Brazil with adults did not identify any associations between the prevalence of excess body weight and the presence of supermarkets or fruit and vegetable stores near to people's homes. 11 The differences between these results could be due to different analytical methods or the characteristics of products sold by food retailers in different cities.
In relation to farmer's market availability, a study conducted in North Carolina (USA) found that the habit of utilizing this type of retailer where healthy foods were available was associated with lower BMI. 37 Easy access to and availability of a wide range of fresh foods at a relatively low price and of good quality can encourage adoption of healthier dietary habits and, as a consequence, facilitate maintenance of body weight. 38 Those results contradict our findings.
What this study adds
We have noticed that there are not many studies in the literature investigating the association between environmental availability of restaurants and overweight/obesity in children and adolescents. This may be because investigations of fast food restaurants and convenience stores have been given priority, since these establishments are very common in the USA, which is where a large proportion of studies of the food environment have been conducted. In Brazil, there are full service restaurants and buffet restaurants that sell food by weight in all areas, serving highly varied clienteles. These types of restaurants offer a very diverse range of foods and preparation styles, 39 which can include both healthy and unhealthy foods and beverages. Studies investigating the foods bought in these establishments near students' homes could help to elucidate these results.
There is a possibility that the association between overweight/obesity and farmer's markets reflects reverse causality. Utilization of public markets/greengrocers by the families of schoolchildren who are overweight/obese is a strategy for purchasing healthier foods for consumption at home, since The presence of other types of food outlets in the vicinity of the children's homes was not associated with overweight/ obesity, in contrast with what has been observed in other studies, in which supermarkets 6, 13, 40 and snack bars/fast food outlets have been identified. 13, 37, 41 Notwithstanding, in one review study investigating the relationship between the built environment and nutrition, it was observed that, in general, studies that report a positive relationship between these variables may be more likely to be published than those with findings indicating null associations, which could explain the low number of articles identified in the literature with findings reporting a non-relationship between these retailers and overweight/obesity. 42 Another reason could be that students are choosing different stores and places for their meals that were not examined in the study (schools, shopping malls and friends' homes, for example). However, it is expected that the school meals provided at public schools and school canteens found at private schools do not promote overweight/ obesity in schoolchildren because there are strong regulations against sweetened and high-caloric foods. 43, 44 Limitations of this study This study did not consider establishments that only sell food via delivery and as electronic shopping increases the implications of this type of commerce for locations, sizes and types of food outlets merits consideration. 45 Also, we did not assess businesses that were not primarily dedicated to selling food, such as rentals, utility stores, pharmacies or news stands. However, commercial establishments that are not traditionally associated with selling food and drink may provide opportunities to buy unhealthy items. 46 Although the information used to construct the database of food outlets in Florianopolis was triangulated, the sources of information used to supplement the database are primarily maintained by the retailers themselves, which could lead to lower rates of coverage of establishments that are not fully legal and of businesses in lower income neighborhoods. 47 In counterpoint, not employing self-report anthropometric measurements, training the data collection team and conducting quality control of the information collected were essential to guarantee the quality of the data. Another strong point of this study is the methodology employed to survey the municipal district for food outlets. The methods employed to list these places using secondary data involved using several different sources of data, improving the validity of the information used. 48 
Conclusion
We did not observe associations between overweight/obesity among the schoolchildren investigated and the presence of snack bars/fast food outlets, supermarkets, mini markets or bakeries in the vicinity of their homes. The association with the presence of restaurants but not with their utilization must be considered within a given context, specific to the scenario in Florianopolis, which is a city that attracts large numbers of tourists and in which there are very many establishments of this type throughout the municipal district. Future studies could investigate the food groups sold at each type of establishment, especially in restaurants and greengrocers, in order to more objectively specify which establishments can be considered healthy, unhealthy or mixed.
